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的优势种群。本研究以 Mycale sp. 为研究对象，对其可培养共附生微生物进行多
样性研究，对分离得到的微生物进行发酵培养，生物活性筛选，次级代谢产物




从 Mycale sp.中共分离得到 51 株可培养细菌，16S rDNA 系统发育分析表明
它们分别属于放线菌门（Actinobacteria，16 株）、拟杆菌门（Bacteroidetes，2 株）、
γ-变形菌门（γ-Proteobacteria，12 株）、α-变形菌门（α-Proteobacteria，5 株）
和厚壁菌门（Firmicutes，15 株），部分微生物是首次在海绵中发现。对这 51 株
细菌进行抑菌活性筛选发现其中 20 株具有抑菌活性，他们分别属于放线菌门
（Actinobacteria，9 株）、γ-变形菌门（γ-Proteobacteria，7 株）和芽孢杆菌属
（Bacillus，4 株）。其中一株放线菌 HNS054 利用多基因联合技术被鉴定为
Streptomyces labedae，同时对多种病原菌具有抑制活性，特别是革兰氏阳性菌
（Staphylococcus aureus MTCC 1430，Bacillus subtilis MTCC 441），对其发酵产
物进行分离提纯，得到一些分子量在 1000 以下的活性化合物。 
功能基因筛选显示共有 21 株细菌分别拥有 NRPS 基因或者 PKS 基因。其中
三株拟诺卡氏菌属（HNS051，55，58）和两株芽孢杆菌（HNS004，015）则含
有 PKS/NRPS 杂合基因。BLAST 结果显示 PKS-KS 域共分属于四大类群，包括
放线菌门（Actinobacteria，7 株），α-变形菌门（α-Proteobacteria，3 株），蓝藻
细菌（Cyanobacteria，2 株）和厚壁菌门（Firmicutes，1 株）。其中大部分细菌
的 KS 域氨基酸序列都与 GenBank 中 I 型 KS 域具有 80 %以上的同源性，而
















Streptomyces microflavus HNS049 则与 S. globisporus C-1027 的 NRPS-I 型 PKS 融
合蛋白基因具有 94 %同源性。Nocardiopsis dassonvillei HNS051，HNS055 和 
HNS058的 PKS基因与Verrucosispora maris AB-18-032的模块化聚酮化合物基因
显示 69 %的相似度。NRPS 比对结果显示 8 株菌的 NRPS-A 域共分为 3 大类群，
分别是 γ-变形菌门（γ-Proteobacteria，1 株）、放线菌门（Actinobacteria，6 株）
和厚壁菌门（Firmicutes，1 株）。Nocardia cyriacigeorgica HNS052 的 NRPS-A
域与 Rhodococcus opacus 显示 54 %同源性，暗示 HNS052 可能含有新颖的 NRPS
基因信息。以上结果表明 Mycale sp. 含有多样性丰富的共附生微生物及基因资
源，为后续活性化合物的开发提供了来源。 
利用 16S rDNA-RFLP 对山海绵成体、幼体以及环境中微生物进行多样性分

































Marine sponge Mycale sp. is the potential source of natural bioactive products. 
Accumulating evidences indicate that the origin of bioactive compounds in marine 
sponges may be symbiotic microorganisms, or a cooperative interaction between 
sponges and associated microorganisms. Mycale sp. is widespread in the coastal 
region of Fujian sea area, and is a dominant marine sponge species. So, mining the 
resource of sponge-associated microorganisms and seeking the bioactive product, 
have become the research focus. The aim of this study was to confirm whether 
microbes were present in Mycale sp., to investigate the diversity of NRPSs and PKSs 
genes from all isolates, and to determine the potentially useful antimicrobial activities 
produced by sponge-associated bacteria. For the first time, 51 bacterial strains were 
isolated from Mycale.sp. Phylogenetic analysis of 16S rDNA gene showed that they 
belong to Actinobacteria (16 strains), Bacteroidetes (2 strains), γ-Proteobacteria(12 
strains), α-Proteobacteria (5 strains) and Firmicute (15 strains).Twenty isolates with 
antimicrobial activities were mainly clustered within the group of Actinobacteria(9 
strains), γ-Proteobacteria (7 strains) and Bacillus (4 strains). Among these isolates, 
strain HNS054 which showed 99 % similarities with Streptomyces labedae exhibited 
the strongest antimicrobial activities againstGram-positive bacteria (Staphylococcus 
aureus MTCC 1430, Bacillus subtilis MTCC 441) and Vibrio species. The screening 
of functional genes revealed that 8 Actinobacteria species with antimicrobial activities 
possessed NRPS-A or PKS-KS domains, especially genus of Nocardiopsis in 
Actinobacteria contain KS as well as A domain. The amplified ketosynthase (KS) 
domains were clustered into 4 phyla, including Actinobacteria (7/13), α- 
Proteobacteria (3/13), Cyanobacteria (2/13) and Firmicutes (1/13). Most of the KS 
domain AA sequences had high homology (>80 %) to type I ketosynthase, but the KS 
domain of Nocardiopsis sp. HNS048 has 77 % similarities to type II KS domain of 
Burkholderia gladioli. The KS domain of S. microflavus HNS049 showed 94 % 
















C-1027. Meanwhile, the KS domain from N. dassonvillei HNS051, HNS055 and 
HNS058 showed 69 % similarlyto modular polyketide synthase gene from 
Verrucosispora marisAB-18-032.A domains of 8 isolates were grouped into 3 phyla, 
γ-Proteobacteria (1/8), Actinobacteria (6/8) and Firmicutes (1/8). The NRPS-A gene 
of strain HNS052 identified as Nocardia cyriacigeorgica showed 54 % similarities to 
Rhodococcus opacus. It implied that HNS052 could have novel NRPS gene 
information. Analysis of 16S rDNA-RFLP confirmed that diverse microorganism 
exsited in adults Mycale sp., including α, β, γ-Proteobacteria, Chloroflexi，
Actinobacteria, Planctomycetes, Cyanobacterium, but the low diversity in larva and 
marine environment. Except α and γ-Proteobacteria, other phyla were abundant in 
Mycale sp. Among these bacteria, an uncultured bacterium clustered within 
β-Proteobacteria exsited in larva and adults of Mycale sp. It indicated it could be the 
real symbiotic microorganism of sponge Mycale sp.  






















































图 1.1 采集自南中国海海绵种类的形态 
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